The SU(3) octet states with baryon number B = 2, hexaquark dibaryons, are considered. Decay coupling constants sum rules for dibaryon octet into two ordinary baryon octets with λ 8 first order SU(3) symmetry breaking are given. An SU(4) extension of the analysis is commented upon. Possibilities for the experimental observation of multibaryon and anti-multibaryon states are pointed out.
I. INTRODUCTION.
The first hexaquark or sextaquark state with baryon number B = 2, a dibaryon, was proposed in 1964 [1] . Hexaquarks received more attention after the proposal of the H-dibaryon (uuddss) by Jaffe [2] . The presence of hexaquark states have also been conjectured in models with colour flux tube (string) confinement, [3] [4] [5] . The theoretical case for the dibaryon (H-dibaryon) has recently been made stronger by lattice-QCD calculations in the SU(3) flavor limit by the NPLQCD and HALQCD collaborations [6, 7] . The presence of multiquark states including the hexaquark in hot-dense matter is predicted in certain statistical [8] and holographic models [9] , and since strangeness enhancement is associated with the QGP, hexaquarks with strangeness may have an observable signature in the upcoming heavy ion experiments at LHC. More recently Bashkanov et. al [10] have suggested novel dibaryon states and their possible experimental signatures. These include exclusive measurements of the n p → n p π 0 π 0 cross section at the WASA detector in COSY, Julich, which have shown the presence of a d * (2348) resonance that can be interpreted as a dibaryon state [11] . Recently in Ref. [12] , it was noted that the deuteron, a stable dibaryon, belongs to the B = 2, [13] , which put stringent constraints on the H-dibaryon mass and clearly showed that if a H-dibaryon exists in the mass range ≤ 2 m Λ , then it must be different from a deuteron. M. Oka has also proposed the possibility of several dibaryon resonances examining flavor SU(3) octet dibaryon systems employing the quark cluster model [14] . Thus, it is important to study the various decay channels of a dibaryon belonging to the dibaryon octet.
In this paper we present sum rules for decays of the dibaryon SU(3) octet (denoted D 8 )
into two ordinary J P = (1/2) + baryon octets with λ 8 first order SU(3) symmetry breaking.
This additional study of the symmetry breaking mechanism at SU(3) level sets the stage for how to treat the breaking of SU (4) 
and
It is remarkable how well these estimate satisfy the first order Gell Mann-Okubo mass formula for the octet [17, 18] .
We consider now dibaryon octet decays into a final state of two baryon octets:
. Following Ref. [15] we write B 8 and D 8 matrices as:
where the (Y, I, I 3 ) states of D 8 are denoted by D 8 (Y, I, I 3 ) with I 3 the isospin third component.
In general, for exact SU(3) the Yukawa interaction for
characterized by two parameters, g 0 8 and g 0 8 ′ , since there are two octets in the decomposition:
The 1, 8, and 27 are symmetric under the interchange of the original two octets and 8 ′ , 10, and 10 * are antisymmetric.
With λ 8 first order breaking of SU (3) In this work we will analyze both cases, antisymmetric and symmetric final state, separately.
A. Decays of octet dibaryon into B 8 + B 8 antisymmetric final state.
We consider decays of the dibaryon octet into a flavor antisymmetric final state of two baryon octets. As described above, in this case we have five parameters: g 0 8 ′ from exact SU(3) and g k (k = 1, 2, 3, 4) from λ 8 first order SU(3) symmetry breaking. The
Yukawa couplings in terms of g 0 8 ′ and g k (k = 1, 2, 3, 4) are (for sake of clarity, we put a prime on the baryon matrix in the second octet and
There are eight independent decay coupling constants to be determined. We take these eight constants to be:
The remaining decay coupling constants are given by:
The eight independent decay coupling constants (11)- (14) are described by five parameters g 0 8 ′ and g k (k = 1, 2, 3, 4). Thus, three SU(3) broken sum rules between the Yukawa couplings may be deduced:
with identical relationships for
Comments on the extension to SU(4).
Exact SU(4) symmetry is often used to make estimates of charmed baryon couplings.
This gives rise to wrong results as SU (4) is badly broken. In this section we comment on the extension to SU(4) of the analysis of Sec. III A [20] .
The SU(4) group representation includes a new quantum number charm, which comes as a new quark. The baryons fit into the product: 
as SU (4) invariant. Consider the decomposition could be calculated at this first stage. We plan to present these elsewhere. 
However, the terms in Eqs. (30)- (35) are not linearly independent, there is the mathematical identity:
Using (36) to eliminate the g ′ 2 term we finally obtain:
As described at the beginning of this section, we have five parameters in this case: g 0 8 from exact SU(3) and g i (i = 1, 2, 3, 4) from λ 8 first order SU(3) symmetry breaking.
There are nine independent coupling constants to be determined, we take these to be:
The remaining decay coupling constants are given by the same relations, Eqs. (15)- (22), with
The nine coupling constants (42)-(45) are described by the five parameters g 0 8 and g i (i = 1, 2, 3, 4). Thus, four SU(3) broken sum rules between the decay couplings constants may be deduced:
IV. CONCLUDING REMARKS
Earlier, decays of sextaquark dibaryon decuplets (10 * and 10 representations) into a flavor antisymmetric final state of two ordinary baryon octets were considered [12] . In this paper we have given sum rules with λ 8 first order SU(3) symmetry breaking for decays of dibaryon octet D 8 into two ordinary baryon octets B 8 + B 8 . The sum rules given here and in earlier papers [12, 19] can be applied into B(8) +B (8) with appropiate changes.
Very recently LHCb it has been reported that a multiquark state Z(4430) − (tetraquark) made of charm, anti-charm, down and anti-up quarks [21] exists. This opens up a whole new area of multiquark states with charm and thus an SU(4) extension of our results is called for.
Apart from the heavy ion experiments, which we mentioned in the introduction, in our view e + e − annihilation reaction is best suited to find multibaryon plus antimultibaryon pairs, since the signal for resonance will be a clear signal. However LHCb will also be a good place for observing these states. 
